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THE PLACE OF FORMATION AND THE FUNCTIONAL PRINCIPLES OF
CONDITIONED CONNECTIONS
t A ASRATYAN

Institute ¢ Higher Nervous Activity and Neurophysiology
USSR Academy of Sciences, Moscow

The primary conditioned refiex may be considered as a chronic or stable product of
higher nervous synthesis of two congenital reflexes, possessing specific peculiarities . . -
which differentiate it from both unconditioned reflexes and from such related, more .
primitive, purcly transient and volatile phenomena in the activity of the nervous system
as & Buhnung, a summation reflex and a dominant. Among the most pertinent problems
of higher nervous activity, which have attracted keen attention, beginning with the

. origin of the theory of conditioned reflex activity up to the present day, are the follow-
ing: (a) Which part of the central nervous system is the centre of conditioning and the .
organ of conditioned reflex activity? (b) Which shifts in the functional state of the nerve
_centres underlie conditioning and what functional peculiarities of the nerve cells are
. responsible for thesc shifts? (c) Which structural shifts in the body of the nerve cells and
"of their processes make up the material groundwork of a conditioned connection?
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1. P. Paviov's views on all these points are well known.

(4) Some contemporary investigators have voiced the opinion that the capacity for
conditioning is inherent not only in the higher and central parts of the central nervous
system in highly-developed organisma, but supposedly also in its lower parts, namely the
spinal cord (SHARRAGER, COLLER ¢! al.).

The erroncousness of conceptions of this kind in relation to the so-called spinal con-
ditioned reflexes has been demonstrated through the experiments by our associates
T. N. Nesmevanova and N, M. SHAMARINA, which have been reported previously. They
have shown under. conditions of acute and chronic experiments on dogs in which the
spinal cord was dissected at the level of the last pectoral segments, that first of all, as a
result of a multiple combined electrical stimulation of the tail and of one of the hind
paws of a spinal animal, a whole complex of diverse, aberrant and variable reflex
reactions is {formed, caused both by separate stimulation of each of these organs and by
stimulation of other areas of the body, innervated by the caudal half of the dissected
spinal cord, and not a unilateral reflex response of one and the same type as recorded
in the similar experiments by SHARRAGER, CoLLER ef al. They have also found that
cxactly the same result can be obtained during a multiple repeated stimulation of only
one of these organs, without combination with others, i.s., when the formation of a
genuine conditioned reflex is quite ruled out. These atypical reflex reactions also differ
from a conditioned reflex by the dynamics of their formation. In full contradistinction
to the dynamics of formation and specialization of the conditioned reflex, these atypical
reactions are of a local nature at the beginning of their formation and subsequently, as
the number of stimulations increases (simuitancously of the tail and of the paw, or of
only one of the organs), they become increasingly generalized, and the zone and assort- =
ment of the reflex reactions caused during the application of testing stimuli is extended, -
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FORMATION OF A CONDITIONED REFLEX e

If one also adds to this the fact that these reactions are, as a rule, of short duration and
. . of a volatile nature, it will become evident that they belong to the phenomena of the
S e VEDENSKY ‘hysteriosis’ type, and do not have the rank of a conditioned reflex. Apparently
S e e . the development of higher stationary excitability in the nerve structures of ‘a dissected
S ‘ spinal cord underlies such atypical reflexes, and this development greatly facilitates the
diffuse spreading of excitation emerging in any of its points. This is also demonstrated
by pew experiments conducted by T. N. NesmrYANOVA in which she has shown that if
the trophic and reflex activity of the cauds! scction of the animals’ spinal cord is main-
tained in a good condition for a shon' while .fter its dissection by means of regular
massage, training and stimulation of the hind extremities, the atypical reflexes appear in
e L this case by themselves as a natural manstestation of such a condition and:are main-
o i tained for a long time. ) 0
Somewhat different is the case of pussible onditioning by various subcortical nerve
formations. According to the resuits vbtained 1n the laboratories of Y, P. Frot.ov,
D. A. BirYurov, A. I, KARAMYAN, 1. (i Vomonin, A. B. Koaan, the author of this paper.
ROTAR, Boxov, MILYUTINA ¢f al. it w possible to elaborate primitive skelctal-miotor
and especially diverse vegetatine conditined reflexes in laboratory experiments in higher
fishes, reptiles and birds, i.e. in «nimais practically devoid of the cerebral cortex, as
well as in rodents with the cerebral cortex removed by a surgical operation, The question
still remains open whether the nearer or remote subcortical nerve formations of higher
vertebrates are capable of elaborating at least primitive conditioned reflexes. . The new
facts relevant to this point, presented by M. N. PANKRATOV, Y. N. BELENKOV, M. A.
NuTsusipzE and Ts. A. ORIONIKIDZE, as well as the corresponding former data collected
. by G. P."ZeLeNy and his associates, cannot be regarded as unquestionable proof of the
B g : existence of such a capacity either on account of insufficient removal of the cerebral
S . ) cortex in their experimental animals or because of the extreme instability and non-
specificity of the reactions tormed in these animals, On the other hand, other investi-
gators, including the aswcrates of our laboratory, have never succeeded in’ elaborating
food, acid- w1 clect detensive rellexes in dogs complétely devoid of the cerebral
cortex. The reactions so furmed in such animals are very short-lived, they are preserved for
hours or for days at best und are characterized by the typical properties of the Bahnung-
dominant phenomenon. For example. in the experiments conducted by our collaborator
T. N. RvaBovA in some decorticized dogs, atter prolonged repeated electrical stimulation
of one of the paws, whether in combination with diverse kinds of indifferent stimuli or
without it, it was possible to create « condition of higher excitability of the elements of
the. corresponding reflex arc during which spontaneous movements of the' paw become
- more frequent and intense, while outside stimuli, particularly tactile ‘and acoustic ones
acquire the property of strengthening or provoking them anew. Such conditions are
most frequently created at the end of each experimental course and disappear by the
s . following experimental day. In rare cases such conditions are maintained for_’a day or
i : even for several days. Such data cannot, however, serve us a basis for explicitly ruling
out the possible conditioning, however primitive, by the subcortical and intermediate
brain formations of normal higher animals, since, as a result of surgical decortication of
the brain, substantial degenerative chianges take place in these formations.’ As to the
statements made recently by GAsTAUT, Frssarn and others to the effect that conditioned .
reflexes are clahorated in the reticular tormation of the brain stem to be projected later J
on in some mysterious way into the cerebral cortex, their groundiessness Is so evident
that, judging from availuble information, the authors have now ‘themselves renounced .
them. The new reliable facts on this matter, obtained with the aid of electrophysiological '
methods, in full conformity with the former abundant material supplicd by Paviov's
and his disciples’ laboratories, clearly indicate that in highly-developed animals the
cerebral cortex is the organ for claborating and implementing the most perfect, com- -
plicated and highly conditioned reflexes, as far as the level of development is concerned.
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Judging from all available facts, a conditioned connection between two points of the
cortex can be ¢stablished both transcortically, through the subcortical long nervous
conducting pathways and through the subcortical nuclei and bodies. This is notably
borne out by the following data which we obtained previously, and which have recently
been confirmed by N. N, Dzipzisuvitl, O. S. Aprianov, G. N. MEring and M. M. Kxua-
- NANASHVILI. With a complete surgical separation of the occipital, temporal and frontal
lobes of both hemispheres of the brain, it is possible to elaborate electro-defensive
motor conditioned reflexes to acoustic and optical stimulations: these reflexes disappear
after subsequent extirpation of the separated anterior part of the cortex. ' It is quite
probable that the changes in the pattern of clectrical activity of some specific and non-
specific subcortical formations during conditioning, found by a number of researchers
(GasTauT, FESSARD, HERNANDEZ-PEON, MORRELLI, TROFIMOV and his associates, RusiNnov
and his associates, LIVANOV and his associates, etc.) are to a considerable extent an
expression of the participation of these formations in the process of closing the con-
ditioned connection between two points of the cortex as intermediate links between them.

- (B) As to the sccond of the above questions, Paviov Keld the view that the closing of
a conditioned connection is functionally based, first of all, on the general neurophysio-

- logical phenomenon of the summation reflex or Bahnung and, secondly, on the extreme
reactivity and impressiveness inherent in the celis of the higher parts of the central
nervous system, the propertics owing to which the momentary and volatile phenomenon
of a summation reflex is fixed in these parts as a chronic phenomenon, i.e., a conditioned
connection.

B O A e .

I st R R o

Recently Soviet and some foreign rescarchers have obtained new facts on this subject
which permit us to define more accurately the functional shifts in nervous sites when
a conditioned conncction between them is closed.

T e

3

“.‘ First of all, one should stress the considerable rise in excitability of the nerve elements

of combined stimulus ‘sites’, which occurs in the course of conditioning and which is a

major prerequisite for the closing of conditioned connections. Although many facts can

be found in the old cxperimental material of Paviov's laboratories, testifying to such

changes in the functional condition of the central nerve structures during conditioning,

this question has, nevertheless, become the object of special investigations quite recently,

and it is precisely in these investigations that the above phenomenon has been revealed

in a most distinct form. For instance, Soviet investigators A. M. MARUSEVA, L. A.

Cuistovictl, A. A. Gyumian, A. L. Psionik, and F. A. FELBERBAUM, N. Y. ALEXEENKO,

and S. M. Buinkov, E. N, SoxkoLuv et al. and others have established on people that

after an indifferent stimulus becomes conditioned, the threshold of the reaction to this

stimulus undergoes o considerable and stable diminution, i.e., itivity to it substan- S
tially rises. A simular fact 'has been estublished in expeniments on amimals, partly by : .
means of electrophysiological methods (8 M. Karps, N T Lacttina N 1T NIkt aYEVA, '
GALAMBOS, JOUVET, HERNANDEZ Prom ef ! o This well-eatablished fuvi quite Jetinitely

bears out that conditioning 1s attvndesd with u stable rise v cruitatwhity of the nerve

structure of the brain, corresponding to the sumulus. The sanwe shenomenon, and in the

same illustrative form, has been awertained with regard to the asrve structures of the

brain, corresponding to a reinforcing or an unconditioned stiniulus, It has been shown

by the experiments carried out by K S. ABuLADZE. N. . Niko1L.AYEVA and our associates

L. I. CHILINGARYAN, E. A. ROMANOVSKAYA ef al. that elaboration. of both salivation and

motor clectro-defensive reflexes is accompanied by a sharp rise in the excitability of

cortical structures corresponding to an unconditioned stimulus. It is noteworthy that

in the experiments of the last threc investigators this change has been disclosed by

directly determining the level of excitability of the appropriate cortical points through a

direct testing stimulation by clectric current by means of chronically implanted elece

trodes. It is of interest that the development of a steady rise in the excitability of these

- 879
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FORMATION OF A CONDITIONED REFLEX

structures precedes the appearance of the conditioned reflex; the latter emw: v
after the excitability of the structures has reached a ccrtain, rather high =
level. This important fact becomes clearly prominent in both ABULADZE'S exjw+
on salivation reflexes and in the experiments conducted by NIKOLAYEVA,. CHul 1w

and -ROMANOVSKAYA on electro-defensive motor reflexes. Further, it is showr
lowered threshold of excitability of the nerve elements of a fixed localization, un.:
according to preliminary data of our collaborators, in the nature of the electrical .
of these elements. It is evident that the substantial stable rise in the excitatuin
cortical structures, corresponding to a reinforcing stimulus, is an indispensabi
requisite for the emergence of a conditioned connection. It is worth adding '
according to the data collected by our associates M. E. VAroa and Y. M. PrEssw
who are determining the level of excitability of nervous structures of both the signai .- -
reinforcing stimuli in their experiments aimed ut elaborating conditioned reflexes « -
a bilateral connection, the excitability of the nervous structures of the second stin:.-
rises to a higher level than that of the structures of the first stimulus. When' the seque:
of applying stimuli is altered, i.e. when they change places, the level of excitabilit-
the nerve structures of the former reinforcing stimulus (which has now become a sig:
one) is somewhat lowered, and that of excitability of the nerve structures of thc fnn
signal stimulus (which has now becOme reinforcing) undergoes a rise.

It is hardly possible to analyse here in detail the question regarding the prolw
mechanisms of these changes in the level of excitability of the conditioned and uav. -
ditioned ‘site’ nerve clements. It is, however, worth stressing the great likelihood
similarity between the mechanism of this phenomenon and that of the same phenoment.
namely, the rise in excitability and the intensified activity of the peripheral neus.
muscular apparatus and spinal nervous structures, resulting from their prolonged an
methodical activation, known since ScuiFF's and VEDENSKY'S time and subsequent:
termed ‘post-tetanic potentiation’ and recently thoroughly studied by EccLes, Liow:
P. G. Kostvux, our collaborator N. V. VEBER er al. Apparently the higher level

. excitability of these sites is responsible for the interaction between them (as unilateral

- . or counter irradiation of excitation or in some other way) during their direct or reflex

S : excitation which gives rise to a conditioned conncction. A higher level of excitability of

the reinforcing stimulus site as compared with that of the signal stimulus excitability is

evidently due to the fact that the reinforcing stimulus site is excited both by a signal

stimulus and its own stimulus, while the signal stimulus site is excited by its own

stimulus only. A rise in excitability of the central nervous structures resulting from

their activation, as well as the physiological importance of this phenorhenon, is also

o, most vividly manifested in the emergence and the course of the Bahnung, summation

T i reflex and dominant phenomena, kindred to the conditioned reflex. It is well: known

o that these phenomena, developing in the higher part of the central nervous system, make

up, as it were, the first phase in the formation of a conditioned connection and, at any

rate, they play an important part in this case. This clarifies the significance of the new

facts established by some Soviet scientists, M. N. Livanov, V. S. RusiNov, N. V., GoLxoy,

A. B. KoGan, A. | ROITBAK et al. to the effect that conditioning is also accompanied by

. some other changes in the functional state of the nerve elements of combined stimulus

I ‘sites’, typical of these general neurophysiological phenomena, particularly ‘of the

R : dominant, their highest form. These are expressed in a considerable rise in the lability

K of the nerve elements und in their enhanced capacity for recruitment of a present rhythm

¥ and synchronization of activity of the nerve elements inside the given ‘site’, as well s

] o for synchronization of activity of different ‘sites’, and a substantial inertla in main-

i taining the occurring changes. Judging from all available facts, these functional shifts

3 in the nerve elements of the higher parts of the central nervous system are mawleuted
in & more vivid form than in those of the uuderlyms parts of the system.
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E. A. ASRATYAN

(C) As 1o the question regarding the fine structural und physico-chemical shifts in
the nerve tissue, which constitute the material basis of a conditivned connection, PAvLOV,
who had no direct facts au his disposal, confined himself to the hypothetical assumption -
that shifts in the finest ramufications of the nerve cell processes or in the dividing mem-
branes between them (ie., in the formations known n mudCrn SCICNCE as Sy napaes)
might be regarded as such a basis of a conditioned comacction. An identical viewpoint,
or one close to it, is shared by a number of contemporary neurophysiologists, KONORSKY
Feoves, Buairasuviid et al. 1t is assumed in this case that the closing of a conditioned
connection is duc either to the formation of new sviapses of the activation of existing
potential synapses, OF to an increase in the surface of the sinapses as a result of their
regular activation. “Very alluring is EccLes’ hypothesiv o the «{fect that post-tetanic
potentiation is due’to plastic changes in the synaptic apg ¢ st namely to the swelling
of the synaptic button. to protoplasmatic shiffs in it, to s e in its volume, as a
* result of this. to a contraction ot the synaptic sht. Jt s posatoe “hat the ‘extreme reac-
Y tivity and aimpressivencss’ of the nerve cells of the higher pawrs -t b central nervous

system precinely feduces itself to their pronounced cupacits e such plastic changes,

In summing up the above statements regarding the structuf.at ane o twonal principles

of the closing of a conditioned connection, it is worth noting that Pasyen « nitial theo-

retical propositions that conditioned reflexes are eluborated by the higher parts of the
| central nervous system and that higher excitability and excitation of activated nervous
{ * sites play un important role in clusing a conditioned connection have been {ully confirmed
and further developed in recent electrophysiological investigations. His hypothesis that
the closing-of u conditioned connection is itself effected by the cells of the higher parts
of the central nervous system in the arcas of the dividing membrane, i.e., of the synaptic
! contact between these cells, owing to their inherent properties of extreme reactivity and
i impressiveness, despite its distinetly hypothetical nature still remains the most convincing '

one,
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ELECTROPHYSIOLOGICAL STUDIES DURING THE FORMATION.
OF A TEMPORARY CONNECTION =~ . .

V. S. RUSINOV

Instituto of Higher Nervous Activity and Neurophysiology, USSR | -
Academy of Scicnces and Burdenko Institute of Neurosurgery, USSR ;. ..
Academy of Medical Sciences, Moscow. -~ .’
The clectrophysiological data obtained in the investigations of higher nervous activie
in the past five or six years were the subject of discussion at & number of internatiome’

* conferences and colloquia: the Marseilles Colloquium in 1955 %, the Fourth Inser
- . mational Congress on Electroencepbalography in Brussels in 1957 %%, and the Inter )
national Colloquium in Moscow in 1958 ™, In addition, a number of researchers haw
devoted detailed reviews to this matter®,”, Some of these dealt with the ‘materis '
published before 1960. All this greatly facilitates our task and permits us to. concentrase e

on the subject which has in recent years attracted ever widening attention on the per

of investigators. 1 am referring to the slow lasting changes in the potential of thw

cerebnlcomxmdtbeirnlnﬁontothefun«ionoftheclodngo(aumporiryéu
Slow lasting changes in the potential of the cerebral cortex bave been recorded in «
number of cases (ARDUIMI et al. *, BROOKHART ef al.?, BURES ¢, GOLDRING and O'LEAny *
SHVETS ¥, ALAJALOVA ), MORELL 1!, MNUKHINA *, and others). s
From our point of view, slow lasting oscillations of the potential, like its fast oeci).
lations, reflect the process of excitation, but of one that is manifested in its other form
namely as stationary excitation, Such a view presupposes the existence of lasting sites
of excitation in the central nervous system as normal and sigaificant factors of its activity
the sites being reflected by slow lasting potentials. Such a conception also presume=
that essentially both the activity current and the slow lasting potential are related to an
active physiological condition. .
ARDUINI et al.® have shown that lasting changes in the potential are extensivels
observed along the cerebral cortex during stimulation of the reticular formation of the
mid-brain. This potential is af neuron origin since it is considerably increased in ampt.-
tude by a local application of strychnine and completely disappears in the case of
nembutal. According to BROOKHART ef al.%, negativation during a stimulation of thalamu
specific nuclei is confined to a certain area of the homolateral cortex, while during »
stimulation of the intralaminar nuclei of the thalamus it is observed in both hemispberes,

the maximum negativation being in the frontocentral regions. Stimulation of the reti

cular formation of the mid-brain differs from that of the medial thalamus as it involves
& larger region, spreading to the parietal and occipital regions. g o

It has been shown in T. B. SHVETS' work * that lasting slow potentials in the cerebral
cortex of rabbits are observed during the elaboration of defensive conditioned Feflexes

to light. The first few applications of afferent stimuli (light, sound) cause a depression’ .

of the basic rhythm of the EEG without any noticeable shifts of the steady potential
level. With the extinction of the orienting reaction, the stimuli (light, sound) no loogsr
cause any distinct changes in EEG. Individual applications of an unconditioned stimn
lus result in a momentary depression of the basic rhythm of the EEG. But neither »
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Fig. 1. EEG of s rabbit's optical region. Direct current amplifier. Non-polarizing electrodes.
Orienting reaction 1o hight and sound extinguished. Light (A), sound (B) and electro-cutaneous
stimulations (C) do not cause any slow shift of the steady potential of the cerebral cortex,
1 - recording of respiration; 2 - EEG; 3 - recording of movement. Time mark « | seC.;

¥ = beginning of stimulation; 4 = end of stimulation.

WY ANV

Ef-:,:, o
Fig. 2. EEG of the optical region of the same rabbit. Phase of generalization. A - indifferent

stimulus (tone) like the conditioned stimulus (light) B - causes a shift of the steady potential of
the cerebral coriex. Negativity corresponds to a shift upwards,

MW

b

conditioned stimulus nor an unconditioned one, when applied separately, brings about
a shift of the steady potential of the cerebral cortex (Fig. 1).

After the very first combination, light as well as electro-cutaneous stimulation begins
to provoke a depression of the basic rhythm of the EEG. The following should be
stressed as being of special importance: after three to ten combinations, in response
to a conditioned stimulus only (light), a recording appears in the cerebral cortex of a

slow shift of the steady potential as a lasting negative or positive oscillation of the poten- :
tial. These lasting oscillations have a latency ranging from two to five seconds and an
amplitude from 100 to 400 (and more) microvolts. The shift of the steady potential in .

the optical and motor regions increases drastically after an unconditioned reinforcement,
up to 600 to 700 microvolts and then gradually diminishes, without tcaching its former
level for a long time. As the number of combinations increases. the changes in the level
of the steady potential become less pronounced, apparently because of the process of
concentration. Fig. 2 shows the EEG of a rabbit's optical region, recorded in one of the

first few combinations of light and an electro-cutaneous stimulation. The conditioned

stimulus causcd a slow shift of the steady potential level. An indifferent stimulus (tone)
likewise brings about a shift of the steady potential level in the phase of generalization

(Fig. 2a). Subscquently, as the temporary connection and the elaboration of differen- -

tiation become stabilized, the slow lasting oscillations of the potential expressed in a

shift of the cercbral cortex steady potential appear to a conditioned stimulus only, and v

not to a stimulus to which differentiation has been elaborated.
D 883
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FORMATION OF A CONDITIONED REFLEX

1t has been found by Arpuini et al.* in acute experiments on animals and on prey.
rations with an ‘isolated brain’ that repeated stimulation of afferent nerves results in the
appearance of a slow lasting potential which is extensively spread along the cortex. On
the other hand, in chronic experiments on an intact animal, notably during the formation
of a temporary connection, slow lasting potentials appear.in the cercbral cortex in
response to all stimuli during the phase of generalization and, when the reflex is
strengthened, only to the stimulus which has acquired a signal importance. - '

Lasting oscillations of the cortical steady potential level are not themselves peculiar
to the formation of temporary connections. They reflect the existence of a stationary
excitation with its oscillations of a lasting nature. Distinct oscillations of -the steady
potential level, in response to afferent stimulations, appear where conditions are provided
for the emergence of a stationary excitation and the appearance of some level of nega-
tivity: a dominant focus, foci during conditioning, and protracted stimulation in.exposed
areas of the cortex in an acute experiment. They may also appear ‘spontancously’ under
the same conditions, in response to afferent stimulations from the external or internal
environment of the organism, which ure not taken into account by the experimenter.

At the same time the expcriments point to a major role of electrotonic influences,
which are reflected electrographically in the shape of lasting slow potentials, in forming
temporary connections. Lasting slow potentials which appear to reflect one of the forms
of functional inter-neuron connection, characterize most adequately the functional con-
dition of the structure from which they are recorded. It is not accidental that an in-
creasing amount of data is accumulating, which points to the fact that the: amplitude
and shape of practically all the potentials recorded from the surface of the .cerebral
cortex depend on the level of the steady potential of the cortex. B

. 4

Electrotonic influences are similar to the action of a direct current.: By polarizing
the cerebral cortex and the subcortical structures with a weak direct current, it is
possible to set up artificially in the cortex the shift of the steady potential level which
is formed during the natural emergence of a temporary connection in the case of con-
ditioning. G. D. KuzneTsova has found that polarization of the surface of a rabbit’s
cerebral cortex in the urca of the cortical end of the motor analyser with an anode using
a weak direct current (current density 0.8 microampere per mm?.) causes regular shifts
of the cortical steady potential level. The magnitude as well as the dircction of these
shifts proved to depend on the initial level of the potential of the cortex: negative devia-
tions were observed when the cortex was more positive, and vice versa, if the cortex
was slightly negative; it tended, in the main, to become positive after the direct current
effect. S

A number of experiments were performed to study the effect of a weak direct current
on the cortical end of a rabbit's motor analyser both in acute and in chroni¢ experi-
ments '3 2, . .

The results of the research indicate that polarization of the cortical end of a motor
analyser at the point of representation of one of the paws with the anode of a weuk
direct current (from one to five microamperes) creates conditions under which afferent
stimulations (light, sound), to which an orienting reaction has been previously extin-
guished, bring about a motor reaction of the animal’s corresponding or most corresponding
extremity. The data have been confirmed by MoRRELL'. A more detailed’ survey of
investigations carried out with direct current was outlined in the Journal of Higher
Nervous Activity in 1961 7, ' 5o

" The motor effect of an afferent stimulation remains for some time after the direct
current has been switched off. The time is variable. The maximum time of ‘its preser-
vation did not, however, exceed 20 to 30 minutes in acute experiments, and two {0 three
hours in chronic ones. In some experiments the motor reaction of the extremity corres-
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ponding to the point of polarization in the cortex was observed to afferent stimulations
on the following day after the direct current had been switched off,

In polarizing various layers of a rabbit's cerebral cortex, RYABININA ™ found that the
minimum current required to obtain a threshold motor response of an extremity to an
afferent stimulation was recorded when the tip of the electrode was in the fifth layer. But
the electrode has to be connected to the cathode, und not to the anode as in experiments
with the polarization of the cortex surface. When an electrode whose tip is in the fifth -
layer of the cortex is connected to an anode, the motor effect of the afferent stimulation e
is inhibited. Histological checking has confirmed that the tip of the electrode is located - -~
precisely in the {ifth layer of the cortex,

Of special interest for grasping the physiological mechanisms of the function of ERRTE
temporary conncction closing are the data showing that the sites of excitation, set up ..
by polarization with a weak direct current in the cerebral cortex, preserve for some time RN
the rhythm presct for them,

R. A. Paviyaina stimulated the cortical end of a rabbit’s motor analyser with a weak
direct current which, along with a constant component, had a sinusoidal one of a varying
period (pulsating current): three oscillations per second or ooe oscillation per two to
8 seconds. Polarization itself with a pulsating current did not provoke any motor reac-
tions. Movements of the extremity arose only in response to afferent stimulations (light,
sound, tactile) applied during the polarization. These movements took place at the
rhythm of the pulsating current. Thus phenomenon is easy to inhibit. It suffices to
{ intensify the direct current acting on the cortex, and they disappear. Inhibition is
* proved by the reaction of ‘rchound 1n the form of intensified reflex movements to the

same afferent stimulations ufter switching off the direct current. The more lasting the

inhibition, the greuter the resulting movements during the ‘rebound’. During the period
of ‘rebound’, after the inhibuion, the rhythm of contractions corresponds to the f[re-

‘quency of the previously appliéd pulsating current. In other words, during inhibition in

the central nervous system, the thythm predetermined by the. experimenter still remains

in a latent state in the focus set up in the cortex by the weak direct current, and it may
manifest itself after inhibition. ’

The still greater importance of electrotonic influences for the formation of temporary
connections can be seen from the facts which indicate that in chronic experiments the
focus set up in the cortex with a weak pulsating current remains for several days. In -
other words, after one day of experiment, reflex movements with a period corresponding
to that of a pulsating current can be obtained when applying afferent stimulations,
without applying the pulsating current to the cortex.

In his *Glia-neuron theory of brain function’ ', analysing the published data on the '
effect of direct current on the cerebral cortex, and especially the cap ity of a weak

. direct current for changing the functional state of neuron activity for a long period,

- R. GaLaMBOS considers that these facts directly related to the closing of temporary
connections cannot be explained only by the changes occurning in the membrane of the
neurons. He regards glia and neurons as jointly acting functional units and advances
the assumption, in common with a number of other researchers, that glia cells are quite
possibly responsible for the slow waves, GaLAMBGS' theory is far from being actually

substantiated, but it may prove useful for further investigation into the functions of the
brain. :

Using microclectrodes in the optical area of a rabbit’s cortex, MORRELL !* hag shown
that when recording the electrical activity of individual neurons, it is also possible to
disclose the recruitment of a predetermined rhythm under the influence of a weak direct
current. In his experiments some neurons discharged with a single burst of impulses to
every flash of light. In applying & weak direct current on the cortex and using flashes
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of light at a rhythm of five per second he later found that this rhythm also existed in the
case of a single flash; this time the neuron responded not with a single burst but with a-
train of them at five per second. This phenomenon remained for up to 20-30 minutes
in MoRRELL'S experiments. This time coincides with the one obtained in acute experi-
ments during the formation of an excitation focus in a rabbit’s cerebral cortex under
the influence of a weak direct current , : Cad

Investigating the morphological peculiarities of changes in tissue structural ¢lements -
of rabbits’ central nervous system during the implantation of electrodes (constantas wires, .
from 150 to 170 microns in diameter insulated to their tips), M. M. ALEXANDROVSEAYA
has demonstrated the phasic pattern of morphological changes, depending on the time
after the implanting of the electrodes. Observations were carried on for 45 days after
the implantation. Even after only a few days an alteration occurs both along the .
electrode channel and at the end of the electrode with the appearance of lymphocytes, -

fibroblasts and glial elements. Then the site of alteration begins to resolve actively - i
with the aid of glial cells (microglias) and the whole process terminates in a develop- 3
ment of gliosis at the end of the electrode and a general diffuse reaction of microglia in L
the brain. As mentioned by ALEXANDROVSKAYA, it is noteworthy that changes in the . §
tissue structural clements of the brain after the implantation of electrodes are limited i
owing to the activation of neuroglia cells which are responsible for the resorption of the o

. injured tissues without forming cicatrices. An extensive mobilization of astroglia ‘and -
particularly of microglia is observed. The reaction. of astrocytes is of & more local .
nature, while microglia produces a diffuse reaction in the parts of the brain more remote
from the electrode. o

The fact that a great number of glial cells accumulate at the end. of the clectrode
implanted in the brain recalls the data presented by TasAki, CHANG ef al., who have
shown that astrocytes in a culture of tissues, generato a slow electrical . activity in"
response to stimulation. An astrocyte in a culture of a tissue in the experiments- per-
formed by HLp ef al.* produced an ‘electrical response’, lasting over & thousand times
longer than the action current of nerve cells in the same culture.’ Tasakt and Cuang ¥
cited data which indicate that glial cells in mammals' cerebral cortex are likewise capable
of producing an electric response to a direct stimulation. They inserted an ultramicro-

~ electrode in a cat's coriex and recorded the slow reversible changes in the potential,
resembling ‘electric responses’ from glial cells in a culture of a tissue. Co

These data raise many new problems in the physiology of the central nervous system,
particularly in the field of investigation into the: physiological processes underlying the
mechanism of formation of temporary connections. TR -

In recent years mathematics has penetrated info every branch of research, including
that of work on the brain. Of all the work in this direction, reference should be made

" to the investigations carried out by GELPAND and TSBTLIN 'The principle of non-local
search in the systems of automatic optimization' and others %, which, in their deductions
pertaining to physiology, are close to the views we have advanced on the role of lasting .
slow potentials in the function of the brain. It is of interest and apparently not incidental
that mathematicians, proceeding from-their solutions of the problem of automatic op-~
timization with a great number of working paramcters, and physiologists, proceeding
from their viewpoints regarding the various types of functional inter-neuron connection,
supported by experimental data with polarization of the cerebral cortex, are in essential
agreement regarding the considerable, though not decisive role for the higher functions
of the brain of those processes which are reflected electrographically by lasting slow
potentials. : . Lo oA
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KR ‘ Lo o . THE SPECIFIC ASCENDING ACTIVATION AS A PHYSIOLOGICAL BASIS FOR
AN Sy : THE FORMATION OF THE CONDITIONED REFLEX .

5

P. K, ANOKHIN
First Medical Sechenov's Institute, Moscow - .

o . As soon as the physiological peculiarities of the reticular structure of the brain stem
e were discovered, neurophysiologists were forced to examine s aumber .of new problems
S . of cortical-subcortical relationship (Moruzzi and MAGOUN, 1949; MAootm. 1950; Juru.
S R 1949). )
. _— The most important of these problems was how to qualify the new form of arousal
e . spreading through the channel of the central encephalic system and greatly differing as
et ) . to its physiological properties from the arousal effect spread through the clnwcd‘ :
. ) : lemniscus gystem. i
) .. . There were weighty reasons for posing these problems. Our established concepu on
e . . S the spreading of excitations through the central nervous system, formed before the dis-
LT covery of the physiological properties of the reticular structure, proved inconsistent. -
B - : We supposed that excitations, generated in response to external or internal stimuli, are
: " spread from this initial point, frequently on the linear principle, over an ever expnnding
. : territory. It seemed evident that the energetic resources required for this spreading were - -
drawn directly from the spreading excitation in every consecutive point of the centnl
nervous system. )
This concept, according to which primary excitation is self:upplmd with cnergy llon;
the whole line of its spreading, has also been proved to be inadequate. -
The discovery of the physiological specificity of the reticular structure of the brain .
stem has had a particularly great influence on our conception of the associative activity
o ! of the cerebral cortex. According to this conception the presence in the cortex of ‘two
N . points of excitation’, originated by an irritation of the lemniscus system, scemed quite.
' o sufficient to make the associative connection between them.

The simple fuct of obtaining evoked potentials in the state of narcosis (FORBES, 1932)
was the first actual proof of the inadequacy of these conceptions, founded on the idea
of the existence of one lemniscus-thalamic system of excitation. This deduction could
_ have been made even at that carly stage, but was not arrived at then.

The research conducted by Moruzzi and MAGouN and the systematic mearch later
made by JASPER and other scientists showed that the cortical effect of external stimu-
lation is a more complicated formation than was admitted before in neurophysiology.

This was the origin of the first classification of ascending activations into ‘specific’ |
and ‘nonspecific’ (Maaoun, 1950, 1958). The most characteristic symptoms of nons .
specific activations were: (a) absence of sensory modality, (b) activated character (desyn- -
chronization) and (c) generalized spreading over all the cortex.

This first classification was founded on the assumplion that the nonspccmc nature
of activation is a universal and homogeneous property of every ascending activation of
the cortex, In short, it was assumed that nonspecific activation, produced by the ascend
ing excitations from the reticular structure, is the same for all kinds of cortical activation
manifested by the desynchromzauon of its electncal ncuvlly. ~And all lhe typcs of
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generalized desynchronization of cortical activity were naturally admitted to be also
equal, not diffcring from each other in any of their physiological qualities.

The systematic research carried out in our laboratory showed that this concept of a

- single type of activation influence on the cortex was likewise inadequate and required
considerable broadening.

The very first experiments made by V. AGAFONOV, who applied pain activation under
urethan narcosis, discovered certain new aspects of the ascending activating influences
on the cortex. By causing nociceptive irritation on the hind limb of a rabbit he obtained
several unexpected results (V. Acaronov, 1956). .

Although the animal was actually in a narcotic sleep, its elcctric activity showed 8
sharp activation (desynchronisation) of cortical electrical activity. . :

It was evident to us that this was the first indication that urethan, as a nascotic, pot-
sesses special properties. This proved to be the lucky chance owing to which we were in
a position to doubt, as carly as 1959, the physiological truth of the conception that
ascending activation has a certain universality and single form.

1 shall try to reproduce the logical thread of argument which later led to a series of
‘specially directed experiments.

In the first placc we were forced to admit, on the strength of numcrous experiments
publixhed by that time, that the state of wakefulness is, in itself, an acrivated state of the
cortex, which gets this activation from the rostral part of the reticular structure of the
brain axis (Macoun, 1950).

At the same time, every new stimulus, exercising its influence in the wakeful state,
immediately causes supplementary activation in the form of a sharply defined generalized
desynchronization of clectric activity in the wakeful state (orienting-investigatory ro-
action),

But, in an nnimal or man who is awake, paip irritation also causes the sharp desyn-
chronization of cortical electric activity, due to the ascending activation which reaches it.

We have therefore three types of ascending activating influence on the cortex, all of .
them manifested by the generalized desynchronization "of cortical electric activity,
differing only by the degree of activation.

i{ all three types of activationi had the same physiological quality and the same nerv-
ous substratum, we ought to infer that urethan, as a narcotic, must also block all these
types of activation. .

“But, as we have scen, it repgesses the activation of wakefulness and the activation of
tentative-experimental reaction, leaving the activation of pain untouched. .

We have, thercfore, in this case different chemical specificity of the nervous sub-
stratum of three different uctivating influences on the cerebral cortex.

What is the actual substance of this selective action of urethan on the different
activating mechanisms of the subcortical apparatus?

The most likely supposition scemed to be that this selecive senvuveness to urethan.
is connected with the different chemical nature of the difterent hvlogical complexes of
the subcortical structures: the hypothalamus and the rencular structure.

On the strenpth of this conclusion we turned our attention 10 the comparative study .
of ascending activations of the cortex with a definitely different biological origin. Such .
activitics. differing as to their biological qualities, are known to researchers. They are:
the conditioncd reflexes to food and defence againat puin

These experuments have been reported at several international conferences (ANOKHIN,

1959, 1960) and in a special report delivered at the Paviov session devoted to higher
nervous activity, which was arranged jointly by the Academy of Medical Sciences of the
USA and the New York Academy (P. K. ANOKHIN, 1961). .

The numerous experiments of my colleagues—A. SHUMILINA, V. Gaviicuex, L. Zycui-
NAYEVA, Y. MakaROY and others—have shown that chlorpromazine. (aminasin) in defi-
nite doses haus a selective blocking effect only on the defensive states and defensive -
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Fig. 1. (a) Shows the action of the nocxcepuve mmulul under urethan mesthesia The stim
ulus evokes remarkable g lized desynch of the electrical activities of the cere
bral cortex. (b) The same stimulus does not cause desynchronisation in the cortex. ;.

' i

'1

conditioned reflexes of the rabbit, leaving the conditioned food reflexes in :ubmnu .
unchanged.
Chlorpromazine correspondingly blocks defensive ascending activation aud Ienv:s
food activation free to manifest itself (A. SHUMILINA, 1956; V. GAVLlcuzx 1958, 1959
I. ZACHINAEVA, 1960; Y. Makarov, 1960).
Here we are faced, in prmcnple. with the same phenomenon of selective influence as
the case of urethan, but in a demonstratively reciprocal aspect: chlorpromazine bloch»
sclectively the mechanisms of ascending activation by pain, leaving the, mcchanlsms o
wakefulness and food activation untouched.
. We conducted experiments to ascertain the level on which chlorpromazine bcgms n
Ve block pain activation selectively. We adopted, as a characteristic symptom of pain’ act::
vation of the cortex, the rise of blood pressure which always accompanies'it and shar
changes of the. motor rhythm. The experiment was made on a decerebrated cut (accord
ing to SHERRINGTON). The rise of blood pressure and quickened breathing duuppenr-
immediately after an injection of chlorpromazine in the decerebratéd cat.

These experiments showed that, from a specific and chemical point of view, the sut
stratum blocked by chlorpromuzine lies in the rostral part of the tcucuhr lu'uclntr
the stem.

The absence of conditioned defence activation (desynchronisation) on the corns
surface, after the injection of chiorpromazine, must therefore be interpreted as the res. -
e of loss of dscending activation from some :ubxmm«m which is sensitive to chlur,u
. mazine and insensilive to urethan.

’ All these facts, as wel as the conclusions lo be drawn from them, have lcd o
) formulate the conception that every activating influence on the cortex is specific. H.
R ever, this activatlon is specific In relation to the blological quality of the given act:
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.in general (food, defence, ieniunve. ete. ) and not in relation 10 some sensory modality,
This specificity is particutarty apparent in case of the pharmacological dissociation
of different types of biologwsi wctivity in animals, ’

We recently obtained un eddetinal demonstrative example of the biological specificity

of ascending activating influsrmes on the cortex in the experiments of our colleague
V. SuDAKAV, :

It is well known that
areas of the cortey shoow

But if the cat v siaivent ©
aclivity of its corter .riie . we u murked change. While the temporal, parictal and
occipital areas of the .wis. wow the slow activity usual for the sleeping state, the frontal
areas of the e

«ow rlectrical activity typical for the somnolent state,

iat leeping under narcosis (urethan, nembutal) all the

wmme duys before the experiment, the picture of clectrical '

n o .ontrary, show a clearly different activity of the arousal

effect type .
The fai ho ' - weoial activity of the frontal area is connected with the state of

starvaty. .« ~iwned by the narcotic substance, i.e., is manifested in the somno-

lent 1. ‘trention to this activity, and requires thorough experimentat analysis,
We oo . ows if this activity is the result of excitation of the food centre of

the b .. " starved blood’ (ANAND and BROBECK; ANDERSON; BROBECK), then

the + . " tarved blood’ into ‘satiated blood” must lead to the appearance of the

" usue o+ .o oan the frontal areas. i

S starved cat under urethan or nembutal narcosis was accomplished by -

twer -t ntroduction of milk through the mouth and oesophagus into the stomach,

Wit catisularly marked irrigation of the mouth cavity, and intravenous injection of a
vite v solution.® These methods were intended to imitate as near as possible the natural
Pt-wess of satiation which, as we have shown, is composed of several factors (P. K. Ano-
s 1962), '

O calculations proved right. Immediately after the process of ‘satiation’, the

acuvated stute of the frontal areas of the cortex changed to the slow electrical activity -

. churacteristic for the somnolent state. Though this slow activity was not entirely similar
10 the clectric activity of the other areas of the cortex, it differed radically from the
activity corresponding to the starved condition.

We must stress that the whole process of ‘satiation’, i.e., the process of replacing the
electric activity of the starved cat by the electric activity of the ‘satiated’ cat, developed
under narcosis, against the background of a deeply somnolent state.

These experiments leave no doubt that the independence of ascending activations of
starvation of the frontal areas of the cortex from the somnolent state and narcotic
blockade has a profound biological meaning. It is probably this physmological peculiarity
of the activation described above that wakens the hungry animal from sleep and sends it
in search of food. We evidently have it also in the behaviour of the infant who wakes
only to receive food. ‘

Now we have very interesting additional facts.

As well known {rom our previous experiments urethan anaesthesia does not block the
painful activation of the cortex. On the contrary, chlorpromazine blocks that activation,
even under urethan anaesthesia, And finally, the ascending activation of the frontal
lobes caused by hunger is not blocked by urethan anaesthesia.

This naturally immediately arouses a very significant question: would chlorpromazine

block simultancously both ascending activations—by pain and by bunger?

Our recent cxperiments have shown that chlorpromazine blocks selectively painful
activation only, but does not at all affect activation by hunger of the froatal lobes under
urethan anaesthesia, .

This new evidence shows us that in this particular case we also have several species
of quality of ascending activations and their selective action on the cortical cells.

* Scc Figures 5 and 6, page 897. :
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Abbreviations: . S\ — Sensory motor cortex
P — Parietal cortex

O s Occipital cortex 77

©* TM “~ Thalamus medialis
TL — Thalamus lateralis
RF - Reticular formation
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PRSI . - FORMATION OF A CONDITIONED REFLEX

It is reasonable to assume that all the above mentioned ascending influences spreading
from different subcortical energetic points of different functional systems converge ‘to
. - the same cortical neuron but only through different and specific synaptic connections. -
‘ Nevertheless, this special problem remains to be studied at some future time.
‘ The example of local hunger activation of the cortex stresses the exceptional physio-
RE logical variety of ascending influences of the cerebral cortex and adds reality to our
o . conception of specific and selective ascending influgnces on the cortex. : .
From this point of view, any complicated form of activity of the whole organism ‘
possessing a biological quality (the ‘functional system’ according to our terminology)
forms a single restricted cortical-subcortical system, specific for that given ‘species of
activity. L
We are convinced by experimental material that the biological quality and purely
) encrgetic unity of the whole cortical-subcortical system are maintained by the subcortical
. ER structures. In other words: it is a system whose individual links have a_hctérogeneous
R physiological importance. Y
. Our experiments provide sufficient ground for admitting that every cortical-subcortical
system of that kind is heterogencous also in respect of the selective chemical sensitiveness
: ' of its individual links in relation to the activity of different phurmacological substances.
e ) The fuct that rwo decisive physiological properties of each of these sysiems. of activa-
tion of cortical activity and highly selective sensitiveness to chemical agents,: belong 10
the same subcortical links of the system, is a remarkable feature of these cortical-sub-
cortical systems. : ' : R

This was clearly shown, for example, in the selective blocking of cortical pain desyn-
chronization by the intravenous injection of chlorpromazine, or in the selective activation
by the hypothulamus of the frontal ureas of the cortex, i.c., the state of ‘starvation’.
Chlorpromazine blocks the activity of the subcortical links of the extensive cortical-
subcortical system, which have an activating importance for ull the remaining parts of
the system, so that, naturally, the whole system of cortical-subcortical interaction which i
maintains the state of fear is disintegrated. -

It follows that, to eliminate the activity of any widely brunched functional system of
the organism, integrated on the level of cortical-subcortical interaction, it is not at all
necessary to block all the links or all the components of the system. The very: nature of
the brain's integrative activity is such that it is sufficient to eliminate (block, repress)
the links of the system that maintains energetic unity of the functional systém and this
functional system, with all its definite physiological or biological qualities, ,will then
cease to exist as a whole. o :

At the present time such-a point of view scems to me quit¢ right and it is largely
proved by cxperiments. o '

Moreover, any general conception of the nature of a phenomenon is always more ) X
acceptable if it explains in the most plausible wuy the factual material collected by
that time. Our point of view on the physiologicul peculiarities of specific and selective
ascending influences allows us to give this explanation of several physiological problems.

We can take, as an example, the selective therupeutic cffect of ‘psychotropic’ sub-
stances, especially ‘tranquilizers’, which forms the basis for a new trend in medicine, :
called ‘psychopharmacology", :

We have, by now, abundant experimental and clinical Jdata which convipee us that :
substances having a psychotropic effect huve an exceptional specific and sclective effect
on definite forms of psychic discase (Himvicn, 1957; Mt 1gr, 1960).

We are trying to work out an explanation of the physiological mechunism of their
action on various psychic states. n

E It is hardly likely, for instance. that the basic point of this explanation must be the
s . effect of these subst on the elementary procesws of tho nervous system——excitation
o and inhibition (Moruzz1, 1960). ’ . i

i
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ta pain stimulus of decerebrated cat

: +

¥V ¢ dnttuence of chlorpr on
v ceuon of the sciatic nerve),

«. #etoce 'njecuion the remarkable respiratory reaction is seen.
#. After injection the respiratory reaction has disappeared.

Ihere 13 no doubt that any drugs introduced in the blood will, in the end, influence
the processes of excitation and inhibition. But this alone does not explain why these
substances should influence these two processes developing in a given physic state, nor
why that physic state is eliminated selectively a a whole in all its numerous components
and systems of cxcitation and inhibition.

As I ponder over the factual material relative to this problem, I become more and
more convinced that all psychopharmacological effects can be explained in a much more
acceptable way on the basis of the architectural principle, i.e., by the properties of a
widely branched functional system with components that are heterogencous from a
¢hemical and physiological point of view.

From this point of view we may take it that the state of anxiety or fear is caused ’

by the existence of a selectively organized system of nervous connections between the
cortex and subcortex. This system is built in such a way that a great amount of associative
-accumulations refer mainly to the cortex. On the other hand, energetic facilitation,
which ensures the selective contact between many elements of the cortex, that is prac-
tically the maintenance of this branched system in the integrated aund dominant state, is
pndoubtedly caused by the corresponding subcortical structures (‘Emotions~—the source
of power of the cortical cells’, according to PavLov).

: It is thercfore quite natural that every dominating system of relationship disappears
as soon us its chemically most vulnerable link is blocked. It is vulnerable owing to
maximum cnergetic potencics and consequently tense metabolic processes.

Figuratively speaking, the tranquilizer builds, ‘prepares’, the whole functional system
{rom numerous integrative structures of the whole brain, leaving other functional sys-
;ems in-a more or less normal state.

" The psychopharmacological effect is not the only phenomenon in the actwuy of the
whole brain which can be easily explained on the strength of our conceptions of the
specific character of ascending activating influences on the cortex, The differentiation
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FORMATION OF A CONDITIONED REFLEX

Pt ) of the conditioned reflexes of a different biological nature are undoubtedly iotmed and
D defined on the same principles, .

Figuratively speaking, by means of the selective blockage of (he most energetic and
vulnerable links of the functional system, the tranquilizer ‘pulls out' the given functional
system from numerous integrative systems of the whole bruin, lcaving other funcuonal
systems in a more or less-normal state.

In several special cases those last non-blocked functional systems may appear in very .
accentuated expression, for instance, the appearance of greedy eating after injection of

Co . chiorpromazine and after disappearance of permanent anxicty (‘releau phenomenon)
. : (GAVLICHEK, 1958).

; . Suffice it to say that the complete ehmmauon of the defence system ‘and its cortical
superstructures and simultaneous maintenance of clearly manifested food reactions after
the injection of aminasin (chlorpromazine) i isa sufficient cumple of this law (V Gavnre
CHEK, 1958; P. K. ANokHIN, 1961).

There is one point in the above mentioned concepnon which cnnno( yet be precisely
established; on it depends the further cognition of the mechanisms of realization of - |
ascending activating influences at the level of the cortical cells. ' In examining the
mechanisms of the scicctive spreading of the excitations over all the cortical synapses,
we always -bore in mind the well cstahlished fact that the primary point of sclective
chemical effects of pharmacological drugs are the subcortical structures phylogenetically
differentiated to chemical sensitivencss. We admit that the excitation origipated here by
specific chemical trigger mechanisms spreads in an ascending d:recuon up \o nnd in-
cluding the cortical nervous elements.

But an important question arises: is there any chemical’ dlffercncc in the s synaptic .

. endings of the cortical cells and in the subsvnaptic membrane cells responsublc for the
realisation of the ascending activations of different biological -origin? .

And is there no correspondence between the chemical qualities of the synapscs of the
cortical and subcortical level in the same functional system? K

We cannot answer these questions yet. though the answer must. cerl.nnly bc very 4
important to the cognition of the integrative actvity of the whole brain,

We can only note that a considerable part of the ascending synaptic contacts it the
cortical level ure undoubtedly formed in the prenatal or curly postnatal period on purely:
morphological principles, consolidated by heredity (D. Puu'uu. 1960; AM-MUMD(WA.
1960).

Their chcmnc.xl properties are thercfore undoubtedly determined heredn.mly and we
may adiit, on phylogenetic principles, a certain chemical peculiarity of these synaptic
contacts. The great variety of these chemicul processes in the synapses has been rcu:nlly
shown in a comparative physiological uspect by H. Grunotpsr (1961),

Very detailed material has recently been provided by Buiiock, who showed that the
membrane of the same cortical cell is not wholly homogencous. On the contrury, it has
varied propertics,. both chemical. and physical, in ditferent areas of the cellular body
(BurLock, 1959).

For example, some sections of the membrane have a- v;ry low threshold of sensitive
ness and can theretore be the generators of nervous impulses. white other points do ne
possess these properties. Vhere are also grounds for speaking of the different chemica!
propertics of different synapses. ‘The division of synupses into “depolurizing’ and ‘hy pei-
polarizing’ is only a first sicp towards this chemical differentisuion, .

In this connection 1 should like 10 draw your very special attention to a very inter

; esting observation made by vur laboratory und closely coanccied with the qummn unde-

. discussion,

v As s well known GABA blocks the depolarizing 1}n|puc connections’ 4nd k..o
unchanged the hyperpolarizing one. This classification is buased on the purely piovoe -
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signs of the nervous processes. It is
for cognition of the state of the me
Nevertheless, several observations with GABA action
depolarizing synapses have the same metabolic nature.
We have shown that the usuul negative com
after application of GABA, reall
latency immediately appears.

e

L - )

assumed that physical features are only one symptom
mbrane of the nervous cells, )

ponent of the primary evoked potential, -
y disappears but a new negative component with longer
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P 5. (u) Demonstration of different
starving cat under urethan anaesthesia.

- The two upper recordings tahen from frontal areas show the desynchronisation.
k) Slow electrical activities have appeared in frontal areas after injection of glucose.

P8,

(3

Fig. 6. The same conditions as in the previous experiment,
jected into the stomach by means of a rubber tube.
More expressive slow eléctrical activities are seen.
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FORMATION OF A CONDITIONED REFLEX
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Fig. 7. The recording demonstrates different sensitivity of feeding and painful substrate .
subcortical areas. )

{a) After injection the desynchronized activities are seen in the frontal areas. L :
(b) The painful stimulation does not provoke desynchronisation in other areas of the corte -

Thus, actually we have two negative potentials which are identical from the électn. -
point of view, but are quite different in their metabolic basis, L
That is probably why the first Begative potential is blocked by GABA while th -
second one escapes from its chemical action. R -
This problem will, in any case, be studied experimentally with the greatest car~
Should it appear that individual synapses of the cortex have a chemical variety in sonw
"degree corresponding to the chemical properties of the subcortical synapses, the whoic
study of the problem of specificity and selectiveness of ascending activations woul:
acquire an extremely interesting direction, . T oo

[
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SPATIAL ANALYSIS OF THE BIOFLECTRIC ACTIVITY OF THE BRAIN

. M N LIVANOV

Institute of Highet Nervous Activity and Neurophysiology.
USSR Acumlemy of Sciences. Moscow

Muny attempts at spatial atalyary of the brain hlopoto.mmh have been performed by |
Using toposeopic cytapment (G i and associates, Liti v and CHErRY, WALTER and
Shteons MODERMOL T, oot 1 and MANDY-CasTLE, and others. Our experiments have i
T likewone been condacted ty clectroencephaloscopic methods. The electroencephaloscope - -
Provades Yoo o paraliei Jecordings with a transmission from 2 to 70 cycles per
sevord! The device hay been constructed  according to the switching principle. It
sapples S the autpat o ospatial hight mosaic of biopotentials with the luminous points -
cnthe seeen ot the electton-beam tobe located in accordance with the location of the
whoupetectiodes anthe sarfuce of the brain, In addition, by means of simultancous
prwar seunming the quantitatise values of the potentials of all the points are recorded -+
3 Ay columns of o ocorresponding hieight,. With electrotoposcopic methads, an opportunity -
]
1

has heen attorded tor investigating simultaneously the bioelectrical mosaic of the cerebral
cortex in aniials wnd man under various functional conditions. A number of regularities
have been revealed in the spatid course of diffuse bioelectrical processes, A stereotypy’
of these processes has been disclosed, as well as the existence of specific figures, dise
uibution of-the reliefs of biopotentials in the cerebral cortex, the direction and speed of
their displacement, ete. Secondly, there appeared the opportunity of studying strictly
local isolated phenomenas investigation of which was formerly impeded because it was.
‘wpossible o examine simultancously ithe biopotentials of the whole surfuce of the
cerchrul cortex.  These focal processes, the so-called local high-umplitude oscillations
of the potential, reveal & number of interesting functional relationships. - 1here is reason
to believe that they reflect the uneven changes in the level of the constant potential of
neuron structures.  fnvestigations were conducted in the laboratory of such phenomena
under various conditions (slecp, alert state during the applications of difterent stimuli *
and pharmacclogical tests in a pormal and a pathological state). Results were also
obtuined vn neurosurgical und ocuropsychiatric patients. It has been shown that changes
oceur in the cortical mosaic in cases of tumours of various localizations, of cpiiepsy, of
different forms of schizophrenia, etc,

Itis |n\pm=.|hlc to consider in a bricf lecture all the above aspects of spatial analym
of biopotentials, and we have only concentrated our attention on the problem of ana-
lysing the synchronism of biopotentials. :

The electroencephaloscope supplics such a large aumount of mfornuuon that its
processing calls for special methods. Therefore, to analyse the synchronism, we followed
Fariey and his associates (1957) and TENTURI (1959) in using computers. This work
b was performed by the staff of our laboratory, namely T. A. Korotkova and G. D. Kuvz-
NETSOVA, in ussociation with the scientific worker of the Institute of Electronic Cone
: trolling Machines, E. V. GLIVENKO.,

We investigated the correlation in pairs of the bioelectrical acuvny of au the 50.0r -
100 points at our disposal. Coincidence of the direction of the changes in the potentials
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from moment to moment for every pair of derivations served as a criterion of potential
similurity, i . : i
To this purpose an appraisal of the sign (4, —, 0) of the first derivative of potential
in regard to time was fint inade for every recordimg.. ‘Then for every pair of recording
-8 compuarison was made on the computer of the signs of the derivatives from moment 1o
moment for a fixed time period, and the perccittage of coincidences of the derivative
. . sighs was calcutated. This corresponded to an approvimate calculation of correlation
e - for two selected dern ations. R
: ) We confined oursclves to measuring the film obtained when photographing ut i speed
of 24 frames per second. It follows from this that we took into account the -Changes w
the potential, within a range from 46 to SUD milliseconds. Lot
As a result of the cateulwting operations, we obtained a tabulation table connisting (in
the case of derivations from 50 points) of 1225 figures, cach of them definmg‘the degree
of similarity of a corresponding pair of derivitions during -a sclected tithe pariod. Pro-
ceeding from the tabulation table so obtained, it is possible fo plot distribution curves.

]
P .
Tu
. /,
YA\ .
‘ \
\ : ;
\ . .
R i
\ iy
\‘ " i)
Y
/, ’ ‘\ \"‘ i
. " . N
. By R .
Lo . h aread M g e
- Y B » - o " T - w. -
Fig. 1. Distribition curvee : I

The ofid Tine denotes the distribution cirve obtained in the analvsis: of background. bio.
Polentials of one rabhits cortex in vne cypeniment. £lhe lopoientiate were derived by the
uver: DU

ed method.) Phe dotted line denotes the iheotetical distiibution curve.

Fig: I shows o distnbution curve obtained as a result of analysing the opotentials
Cof worabbit's cortex Golid line), and the theosetical curve of distiibution (dotted line).

The pereentages of comeidences Hrom 0 to 1001 are plotied along the absassa, and the
nuniber of pairs of poinls working with: the given percentage of sinulanty. along the
ordinate. ! S

The theoretical curve of distributon was obtained tor the cate when the patentials in
every derivation follow their course indepehdently and may undergo chapges in three
directions. Provided the bkebhood of ¢ach of the thiee chanjes being equal. the maxis
tium of this cutve should amount to 33% of sunilanty, R :

Hy comparing the experimental distribution curves with the theoretical curve. it is possi- .
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ble to separate in the experimentul material the independently working points from the in-
terconnected ones and to :ppraise the degree of the interconnection. The hatched section
is made up of the independently working points. The mure sloping course of the right

shoulder of the experimentad curve indicates the existence of a certain group of points

with a positive interconaection. The more sloping course of the left shoulder indicates

the existence of puints with u negative interconnection betweoen them, which is the case
when they work in unt-phase, : : .
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Fig. 2. Distribution curves.

d. Distribution curves obtained in the analysis of background biopotentials of a rabbit's cortex,
recorded by the monopolar ‘method (solid line) and by the averaged method (dotted line) in
the same experiment. (Duration of the length analysed: 1.3 sec.)

b. Distribution curves obtained in the analysis of backgroupd biopotentisls of a man's cortex,

recorded by the monopolar method during & proper (solid line) and improper (dotted line)
location of the indifferent electrode. o .

" 901 o

Declassified in Part - Sani.tized Copy ApproVed'for Release 2012/01/05 : CIAfRDP80T070246A017900060001-7 o

g g

246A01790006000717
R )
g
: §
1 ,
it i




— [EPRENEDUS S - B LS | L e T T e S T
TR O T R A SO S R TR

TR L SRR T S T T I S 00 S
: CIA-RDP80T00246A017900060001-7
SRRSO e

Y

Declassified in Part - Sanitized Copy Approved for Release 2012/01/05

.
o

eI

niaiea ke

) : 2 FORMATION OF A CONDITIONED REf1 EX

. SR We analysed the distribution curves obtained when applying various methods of b

C potential derivation. ' 2
. s Fig. 2 shows the distribution curves obtained in the same cxperiment by the monopolar
i O method of recording biopatentials (solid line) with the indifferent electrode placed on the
N nasal hones and by the averaged method (dotted line), when the potential under every
: ) R A electrode is measured in relation to the average level under the rest of the electrodes
) ) The difference between these curves is quite distinct. Thus, the group of positively inter
s o . connected points is far more pronounced in the cawe of the monopolar method of
S : derivation, while positive interconnection is weaker during the application of the averagedt
method. At the same time negative interconnection, ¢.g., antiphase relation between ti

biopotential oscillutions, is well pronounced in this case, while it is not.found in mon
polar denvation. What accounts then for such a difference? * o

The lurge positive interconnection during manopolar derivation may result ‘from 1t
influence of the potential arising at a reference point. This potential will tel} on eca.!
P n of the 50 points increasing their sunilurity. Rut with the existing influence :from th:
. s indifferent clectrode. the maximum of independent points on’ the distribution cur«
during monopolar derivation should <heft to the right as compared with the maximu:

. . on the distribution curve during an averaged derivition.  Coincidence of the maxima «
; : E the distribution eurves when hoth methods of derivation are used precludes the possibibe:
of accounting for the existence of u great number of ponts with- positive interacty. -

during monopolar derivation hy influcnce trom the indifferent clectrudes (sec Fig. 2.
Monopolar derivation appears to record correctly the processes of synchronization
the cortes. The cases in which a low-grade mditferent clectrode was used can always -
detected by the displacement of the maximus of independent points on the distributse

curve, and this method is an adequate criterion for comstant control over the ‘quality:

the indifferent electrodes (sec Fig. 2b). ' ’ it

Procecding from statistical results. it may be assumed thit the difference in the abov
distribution curves is related o a distortion cuused by the averaged recording. 1

There is no zero value on the ‘averaged clectrode’. The value of the potential on 3
may differ, depending on the number of interconnected points and on the amplitude -
their potential. : S o

fhe absence of zero on the “averaged clectrode’ results in the averaged denvatior -
approviniating the hipolar one, and this should inevitably lead .10 somie_dlistoruon o
the electroencephaliscopic pictures, : . R L

EN
It can be scen from the above that distribution curves allow an appraisal of i
advantages and shortcomings of the various methods of derivation. S

The use of computers for spatind analysis ot the synchronous activity of the variou: )
paints of the cortex among them has shown that several forms of synchronfzation ca.
be singled out in rabbits in an alert state . : o

The results can be presented as spatial topographic pictares dircetly indicating .whi.
points of the cortex interact synchronously at a given nme interval. It appearsd the
the foci of the greatest synchronism may be classified into two principal group:

The first-is the zone of compact synchironisi, i.e., those cascs when th :
points are located close to one another twe Fig. 3a). G . I .

“The second is the sone of synchronously. acting points, spatially divided and some
times far apart from one another. This is a cuase of distant synchronism (soe Fig

N Besides these twa most common types of syachironous structures,” more compic
forms of interrelations are tevealed. For instance, the compact structure may cithe
become distinctly separated from. the surrounding sections which work independentls :
relation 10 it (see Fig. 3a); or there exiss a gradual transition from the section v

i
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Fig 3. Fuamples of structiires.

5 w. Com

)3 A Dastant,

: o With agradient

o d. Intersteatified (of three strictures).

3 The boundities of the cyvtoarchitectonic fickds according to Rose (1931) are plotted in the
f contour ot the teft hemisplicre. The lacation of cach electrode corresponds to each squure.

4‘ The huiched sections correspond 1o the locution of the structures in Figs. a. b and . Differ- .

eat hatching denctes a dissimilar degree of biopotential correlation.
Daouble slanting tatching from 100 10 80¢%; :
Single stanting hatching: trom X0 to 60% ;
Hotzontal hatching: fram 60 1o S0%% ; L
Vertical tate g from S0 10 23%; ; i .
No hatching telow 23 ' :
In Fig A dittevent hatching denotes the éxistence of three structures, cach of which has a
sy chronism of bout 707 .

of which the points work with masimum synchronism to the zones with a gradual drop
in the pereentage of synchionnsm (Fig. 3c). .

Several synchronized structures, independent of one stcther, may alo be present
simultancoinly in the corten. Such individual Mructires mas be cither sharply delimited
from one another, or. possess grudual transitions result'ng o the formation of inter-
mediate sections which can be classified tunctionally av beb e p.ng to the second or even
to several structures (Fig. 3d). : p

Phe action ot casual light or sound stimuli deranges the coistellations of buckground
aclivily :

3
i
|
d
i
;
i

A steety b been minde o the changes in the synchronisim of mcillations of biopoieno
By i vaeous points of rabbits' cerebral cortex during the elaburation of conditioned
refleves ’

A et conditioned retlex was elaborated in two rabbits on a stimulation stereor -
%03 ’ ’
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Fig. 4. Dynamics of curve distribution in the course of elah-rum; . defenswe ‘L‘(mdﬂium-d
reflex in rabbit No. 1.
a. Before cluboration of the conditioned refiex;
b. After siv paisings. ) _ ; ‘(
¢. - After 66 pairings; . . 1
d. After 99 painngs. 4

The solid line denutes the experimental .h\mhmmn cuive, and the doned line t,he lheumun
distribution curve. v . : '

lypc (rhythmic light, uninterrupted sound and uninterrupted hght), cleciro-skm stimula:
tion of the animal’s hind paw was used as reinforcement,

The total background synchronism existing in the cortex of -rabbit Nn i, hcforc the

conditioned reflex was claborated, was charactérized by a distribution curve shown in

Fig 4a. This curve has a maximum in the region of 337, which mducutcs the presencc

in the cortex of a conswierable number of nml-.pendcntl\' worhing points. | Apart from

this maximum, there exists another maviowm in the region of indepeadeni, points,

accounting for . 56% of similarity.  Lhis 1s indicative of the existence in this rabbit of a

considerable group of points with a pasitive intereonnection.: It cun be seep from the
distributiop curve that there exist points providing a similarity 10 one another of potential .

oscillations, amounting to 70% or more. - The group of such pomls fdrms u structure

located in the frontal areas of the cortex (Fig. Sal.

RE o The first pairings resulted in a very considerable increase in s)'nchmnism, ‘which wiis
o PN expressed in an almost complete disappearnnce of indepindent points and in a sub-

904 |
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3

ot bropatential similurity (over T0%) in the course of elaborating a defensive conditioned reflex.
a. Betore claboration of the conditioned reflex; .

b, After six puirings; :

¢ After nine paitings; .

Afler b6 paicings,

After 9 pairtngs
Ihe boundaties of the cvivarchitectonic fields according to Rose ure shown in the contour
of the {eft hemisphere. Fhe squares ndicate schemativally the region of lwation of the
vorrespomding clecirodes. The sections inside which correlation of the biopoientials is not
{ below TO%e arg hatched. -

~

RN

«

stantial displacement- of the whole group of positively interccomected pomts into the
region with a hugher percentige of sunrlarity,  The masine« f the distribution curve .
shifted 10 73% (Fig. 4b). In tesponse 10 a conditioned: stoniius, individual points begun
1o appeur, which work absolutely synchronously umong thennelves, that is they produce
Ao of similanty. . .

The structure with a -high degree of similarily appeared - this case in the pafietal
region and at grew Jurger by the increase in the number of pairings, involving also
adjucent arcus of the cortex (see Figs. Sb and Sci. At this period there appear con-
ditioned movements. ‘This stage probably correspands. to that of generalization of cop.
ditioned activity. i

Beginning with the ninth experiment (after 33 pairings). there is gradual weakeping -

: of synchronism. The shift of manimum trom 73% to 60% of similurity indicates that -

908 : RO
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FORMATION OF A CONDITIONED REFLEX S

total synchronism is decreasing. On the other hand, the existence of a secm, P
which corresponds to a high percentage of similarity (maximum of 90%) testifiey
preservation of a certain group of points working with a very high pcrcemage ol
larity (see Fig. 4¢). :
In the course of further pairings, the displacement of the curve continued, temlu
increase the number of independent points and to weaken gradually the total sync:.
nism and to narrow the groups of points working with & high percentage of simins’
Finally, after 99 pairings, the maximum of the distribution curve came close %)
of similarity (Fig. 4d). 0
: v The way these processes are distributed on the surface of the eonex is ucll dl‘fn
strated in the topographic pictures. Fig. 5d shows that after 66 pairings only indiv [
areas of interconnected points remain in place of the large synchronous structure’ -
) these arc scparated by arcas which were relcased from, lhc structure and were
o ’ . working independently.
It is precisely at thig stage that the conditivned reflex becomes regular. )
Fig. Sc shows the topograpbic distribution of synchronism ut the stage of a hfw'
stable reflex. Only sndividual points located within the analysers participating: it

claboration of the conditioned reflex tie., in the motor, optical and acoustic ro.p :
remain interconncectedl.

It can be seen from the above material that intensification of synchronous activi.
the first stages of forming the conditioned reflex occurs by an extension of the 2
where the cortical elements work with a high degree of synchronism. This extens:
comes from the parictal regions, that is from the skin analyser, the cortical repres: -
tation of the unconditioned retlex, and envelopes almost the whole hemisphere: i
maximal development. ‘The weakening of synchronous activity occurs through
release from the large structure of some arcas with the preservation of others, the rew
being that individual remotely located but funchionally connected areas of the hcnmphe
remain with a high degree of syncheonism f‘ j

It becomes clear from the above that some distaibution of the potential svmll.m
along the surfuce ot the hemisphere results from definite functional mlcrrclmom W

have then at our dispisal methods which permit to study the functional ..rchucctnnlcs
the cortes in its dynamies

i
In her investigations, vur associate 1. N. Kaiest made un atiempt to compare 1h
synchronism of the bioelectrical activity of the cortex and of subeortical form'\lmn\
Changes in biopotentiuls were studied simultancously in 25-30 cortical ‘arcas’ pod
25-30 areas of various subcortical formations. Flectrodes from 30 to 40 4 in dinmete:
were implanted in groups of from six 1o eight clectroddes, their recording ends being ¢
at various levels. The bioelectricul activity of various areas of the diencephalon ith,
reticular, medial and fateral nuclei of the thalamus and varivus parts of the hypothul.

mus) and of the mid-brain (the reticular formation and the \uhsl.mtm grisca kehlnh\
was recorded.

‘The investigations have shown that the pru\.cwcs of syn( hromzustion are suh\ldnu.tlh
weaker in the background biopotentials of various subcortical formations thag in the
cortex. This uppears 1o retlect their comiderable functional individualization. 18- dccor-
dance with this. the synchronism of the biopotentials is far nore prummc.m nf‘vanuu«
points of one and the sume suhcoruical formation. .

As a defensive conditioned reflex is elaboriated, synehronization of the hmpmmu.nl\
arises in subcortical centres, as well as in lhc cortex.  The . synchronization mvulvc
various subcortical formations,

The data so obtained warrant an interesting pnhuunavv conclusion to the ‘effect that
the systems of synchronization appearing in the cerebral cortes and in subcortical l,urmna.

96 - ' b
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a5 @ -wanad geflex i elaborated, prove to be basically independent of one another.
; Av +vate of pumicrous investigations initiated by M acoun (1944, 1950), Morvzz1
: and M. xs (1949) and JASPER (1949), a conception arose regarding the specific and 7

: " nonapeaios influences of subcortical centres on the conex.

Apparently the possible existence of independent mechamsms of synchronization in A
“the cortical and subcortical centres should not be exciuded. along with the above in- 0!
fluences. However. as a conditioned reflex is elaborated wome subcortical formations - - -
begin to be involved in synchronous activity with the cortical structures. This process .
covers only individual subcortn +i centres, without deranging the synchronous activity :
of subcortical formations. independent .of the cortex. A further study of the above
phenomena may considerably hetp. 1n disclosing the importance and localization of
various cortico-subcortical conpes ¢ . ns. -

N. E. Vepensky, and later' I 7 ik and A. A. UkHTOMsKY, have poinoted out that
the rate of increase in excitatics: « e and lability are one of the basic factors deter-
mining the spreading of the v -:ury process over the substrate.

UkHTOMSKY perceived in *he *+. iur of variable lability and in the capacity for estab-

lishing isolability the may.. '~ .ton determining the establishment of connections . v
between the individual nerve  ¢cee of the brain. Synchronization of biopotentials is a N
direct indication of the st~ -uise of the processes in time and, consequently, should Py
reflect the mutual tuning ot s.erve sructures, which ensures the possibility of their active =~ -
interconnections. . |

In the light of thesc convgepuons, the phenomena of svachronization of biopotentials, - -
and their regularitics and Jistiibution acquire a special interest, o :
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SYNTHETIC PRINCIPLE IN SPACE FLIGHT PHYSIOLOGY

A. GURJIAN
USSR Academy of Sciences, Biological Dept., Moscow

In the course of biological evolution human and animal organisms have become adaptedto . © -
the conditions of their existence on Earth. The atmosphere of the Earth protects life against

space hazards. The problem of the effects of space flight is a biological problem with
many aspects. The solution of the problem involves, besides methods of physiological
investigation, different biological methods and various biological objects representing the
organic world in different lines and stages of evolution.

It is difficult to detect some features of the effects of flight in a muiticellular highly
organized animal. Thus, local injuries of some separate cell groups caused by the heavy = -
particles of cosmic radiation may remain unrevealed due to compensatory and regene- ¢
rative processes. It can be assumed that fertilization of the ovum, the development of -
the embryo as well as some functions of the subcellular structures adapted to the con-
ditions of the terrestrial gravitational field will aiter during the flight. The study of such
problems should involve microbiological and cytological objects. They are convenient ©
from the methodological point of view and they allow us to obtain & statistically large <
sample in a short time. R

This is why the experiments in satellite space ships involved such biological objects . '
us mammalia (dogs, mice, rats, guinea pigs), insects, plants and many microbiological and
cytological objects at tissue, cellular, subceliular and molecular levels. It was the execu-
tion of the broad program of biological investigations in satellite space ships that proved
the sccurity of a manned flight and paved the way for GAGARIN'S and TiTov's first space
flights. :

The physiologicul examination of space flights requires a wide biological approach
(SissakyaN, N. M., Gazenxo, O. G., GHENIN, A. M., 1961 Zmxv-Veramizov, N, N,,
1961). During space flights the organism is influenced by many factors which are
unusual in their physiological effects. Some of them are known comparatively well,
others inadequately (lasting weightlessness, cosmic radiations etc.).

Of utmost importance is the fact that many flight factors act in complex combina- =
tions. The influence of the complex affecting the organism in space flight has its owa .
characteristic features in addition to the individual effects and it is difficult to predict these - *
when examining the components of the complex scparately in laboratory conditions. 2

The peculiarity of the physiological responses to accelerations and weightiessness
following cach other had already been noticed in the experiment with Laika in the second
sputnik. When the acceleration (active stage of flight) was over the physiological state
of the blood circulation and the respiration of the animal in weightless condition be-
came normal much later than in laboratory conditions where the space flight acceleration = -
was followed not by weightlessness but by the terrestrial gravitational field (Cuernov, .
V. N. and YaxoviLey, V, L., 1958; PARIN, V. V., Yazoovsxty, V. 1., 1961). The problem -
of the resistance of the organism to negative accelerations connected with the return ... .

911 .
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of the astronaut to Earth after a prolonged peniod of weightlessness cuusing: deadap
tation of vascular and other systems evoked great anniety. H. Beckn et ul, (1959) devori!
much atttention to the characteristics of the physiological response to the effeét
aceelerations and weightlessness following cuch other. i

Of great importance is the problem of the combined cffects—ionizing radiution (part
cularly cosmic) and other flight factors. Changes in rudiosensitivity (genetic ‘elfcect i
particular) as well us alterations in resistance to other effects, such as mechanical acceke
rations, vibrations «nd weightlessness, are probable. To estimate the expected biologivi:
effect of space thght one should consider the sequence and durations of particulay fuctors
(among them various kinds of ionized radiation in different space zoncs), LEE

Biological experiments in space ships revealed a number of moderate genetic and
“histological alterations. The character of these alterutions differed in certan | features
when compared to the cffect of ionizing radiation. - 1 aboratory expefiments on vibratior -
effects reproduced only to a certain degree and only some features of the data obtaine.
in the flight (ArsENYEVA, M. A, ANTIPOV, V. Vet al., 1961; Grempotsky, Y. L. ot u/
1961; PARFENOV, G, I\, 1961). ‘Thesc results confirm our considerations referring 1
the specific characteristics of the combined effects of radiation, acceleration, weightless
ness, vibration, barometric pressufe, gas composition and vthers which. have;not ye!
been adequately examined. . ’ HE

y

All this requires a broad consideration ot space flight conditions: - various externa

factors of the flight and hife conditions n the space ship cabin (autrition, watee suppl
air regeneration, feginic of work and rest, samstary. accommodation,. etc.). which will
influence the astronant.
sensitivity, senmtivity to mechamical tactors) are also very unportant,’

It is so far impossihle w0 teproshice some of the factors of space flight in laborator
investigations te.g.. lasting s eightlecsness). as well as their purticular components (e.c
heavy particies of primary high energy cosnme radiation). - Moreover it seems imponsible
to reproduce the complicated cotent of particular fagtors (spectrum of vibragion fre- *
quencies. profile-of gravitational changes. the comphicated composition of- tonizing radia-
tion, perpetual changing in space and umed and all ihe space flight tactors in complex
combinution. B} RN ko

This is why the arrving out of hotogical snd, in particulur, physiatogical experiments
in satellites and ships is & necessary hink 1o the study of the biological effects of space
flight. No computations and estrapolations can substitute tor biglogicil. tests on
animals in flight, preceding every new variant of a manned flight. The analyses and
thorough cxaminations of the maierial obtained in flights. the perfection of methods
as well us the realization of control experiments require. however, wide laboratory
investigations. 1t bringé us to the .conclusion that (light und laboratory experiments

should hurmoniously contribute to each other. : ;

Examining space flight also influences the physiology of particular organs dnd systems,

a unity in which all the parts are in close interaction.

Considering the physiology of weightlessness, it can be assunied that' the altered
o reception of the vesbular analyzer will cause alterations of other anulyzers und afferent .-
systems of the organism: alterations of the aculomotor apparatus and vision, of postural - .
reflexes und muscle tonns, movement coordination, -internal organ functions and other
systems of the organism (Yusanoy, B M., Kassvan, L L et ol 1960; 1961 YAzvbvsay,
Vo Ly Yuaanov, B M., Kassvas, LLo a6l GRamite,. 1952 GERALREWONL
GLRATHEWOME und STat UNGs et ali, 1985, . = S

The basis of the reactions of the ttal receptor system ‘is the: jteriction principle: of *
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afferent systems, the universality of which was proved by academician L. A. Oxbir .
(1934, 1918), his pupils and followers.

We mean here interactions within a sense organ (analyzer) and between particular
apatvzers as well as the reaction of the analyzers taken as a whole and defined by the
congeption of the ‘functional systemacity in the work of the analyzers” (KOMENDANTON. :
G. L., 1959; Gazesno, O. G, and Yazpovskiy, V. L, 1961). The relavons of the rod :
and cone visual reception. otoliths and semicir¢ular canals, various parts of the otolithic '
apparatus, tactile and pain sensibility can serve as cxamples of iteraction within a
setne organ (LLsrpiNeRIY, AV 1976, 1938; Kintov, K, L., 19%2: Lanskeka, M, P.
et al., 1960). ' :

In this respect the phyaiology of weightlesstiess should be understood above all as
the mvestigation of o disturbance of the usual interaction complex of the afferent sys-
ferms Caintnig shedls o the centiad nervous sysiem and, in particular, in the cortex, which
can ot the activey of internal organs (Bikov, K. M, 1947). On the other hand, the :
altered sensury response of internal organs in the weightless state may greatly ine
flucnee the cortex LAYRAPE (IANTS, E. Sit, 1952, 1960; CurrNicor sk, VN, 1960),

The autonomic and porticularly the sympathetic nervous sv-tem will also play an
important role i space thght physology. ‘The umversal adaptive-trophic mfluence of
the sypathetic ncivous system, in particular on feceptors and the afferent system, was -
protoundiy and systematically exanmuned by academician L. A. Owsery and b school,
Tn thus respect the adaptivestrophic tunctions of the cerebellum in donunating thic atterent ~ «
"pervous systuns are very important i the physiology of the central nervous system ©
Orprey, b AL 1033, 1948, Giseosinsky, Ao o and Lranimnsky, AV, 1947,
ALLMNIAN, AL M. 1948 :

The great reduction of sensory infofiation n space flight ‘as well 4~ the unusual
demands on the astronaut’s higher nervous activity (emotionat, pyychological strain,
thyvthm of sleep and waking, singularitics in mental and physical work) will ne doubt
strongly affect s nervous system functions. In addition, of great importance are
Mierations n the humoral systems of the vrganism: metabolism, the activity of inner®
andd vtiter seerction. ete., which are closely related to the functions of the central nervous -
syatem (GURIAN, A AL DEMIN, N. N., Kounerva, N. V., Lvova, T. 8., TUTOCHKINA, :

CEL T Useiaskava, ML S Froorova, T.A., 1961). o e

Locul cell mjuries and failure of functions us well as the general ctfect of iunizing'
radiation on the central nervous system, and, in particular, on higher nervous activity
may ocvur under the intluence of cosmic Tadiation particles and of the roentgen and 7’
ganuna ruys (Lavsurz, NN, Huel),

The enduring of a lating space flight is an important physiologicat roonlem and ;
involves the adaptation and compensation of functions sltered in space thght A reaps’
ganization and aew coordination of atferent systems, o new functional svstemacity in
the wark of analyzers’ will take place in space tlight. A profound knowledge of the
physiological mechanisius of their reorganization will allow we o foresee the effects of
flights of various duration. It will allow us to predict i what conditions and when the
necessary adaptation amd reorgamzation will oceur and in what circumstances the accu.
mutation of unusual cflects will lead 1o a failure of the adaptation 4nd _compensatory
mechanisms of the orgimism. ' L . : ) .

The examination of this problemt of space physiology will greatly contribute to the
establishiient of rational flight programmes and measures influencing certain links of
adaptation and compensatery processes (for example. the use of the great stock of neuro- !

Cotropic remedies). . L -

We consider that, | P. Paviov's synthetic pringiple which considers the many sided

913
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orgmmnmpomtothecomplexoﬂheextarnﬂvoﬂdununky:hotﬂdbetlnbano‘ '
space flight physiology mldy o

T
Summary. v

The problem of the effects of space flight is a biological problem with many aspects -
The solution of this problem involves different biological methods and various biologica!
objects representing the organic world in different stages and lines of development. -

The influence of fagtor complexes affecting man in space flight (simultancously or
various tequenccs) has its characteristic features which are difficult to predict by studywy
them separately in the laboratory (acceleration-weightlessness, weiﬂmennewwuleramw
vibrations, acceleration-cosmic radiation, etc.).

Data received in space flight should be physiologically analysed, cornparing them L3
laboratory data concerning the effect of separate factors or groups of factors.:' .

. In examining space flight effects on the physiology of particular organs and systevs:.
one should consider the organism as a unity in which all parts are in close interac+..
(interaction of sense organs, neuro-psychic and somatic spheres, somatic and lmonm

" nervous systems).

I, P. PavLov's synthetic principle, academician L. A. OrseLY’s teuhmg ot the int. )
action of afferent systems and of the trophic role of the sympathetic nervous systen. |
well as the works of academician K. M. Bixov's school on the interaction of the corr !
and internal organs can greatly contribute to the examination of space physiology !

The eaduring of a lasting space flight is conditioned by adaptation resources and mext: .
nisms, and by the compensation of functions altered in space flight conditions. The kn«>~
ledge of compensation mechanisms allows us to foresee the consequences. of differ. -
flights, work out a rational flight pmgnmnu and inﬂuenee eertnn linh ot the e
pensation process (e.g., drugs). . L g1 -
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INFORMATION PROCESSING IN THE NERVOUS SYSTEM |

iohibited by Group I volieys from flexor muscles; Group Ib afferent fibres of muscie.
~by Group 1 volleys from both flexor and extensor muscles; the afferent fibrés giving
: the flexor reflex (cutaneous and Group 11 and IIl muscle afferent fibres), are inhibited

" by all the afferent fibres, both cutaneous and from muscle. Presynaptic inhibitory action :
on the flexor reflex afferents (FRA) and on Group Ib fibres, but not on Group la fibres, ' :
is very effectively produced by brief repetitive stimulation of the sensorimotor cortex. and ° N
also of some other localized areas of the cortex. Presynaptic - inhibition pravides a a
mechanism for suppressing sensory input betore it has exerted any synaptic action. In .
many situstions it provides a negative feed-back control of sensory input, e.g. FRA .’
impulses depress the reflex actions of all types of FRA input, so that any powerful FRA :
input will suppress all trivial inputs. However, no functional meaning can yet be ascribed
to some varieties of presynaptic inbibition, R g

EtiR1
j: uoov 2.3-?1,
K

B

J. SzENTAGOTHAL, Anatomical Department, Pécs, Hungary
Junctional transformation primarily depends on the synaptic arrangement of peurons L
Convergence and divergence are the main principles of neuron coupling, but both are '
generally cornbined in the CNS. Linear arrangement—.e., 1:1 ratio bejween presynaptic
and postsynaptic elements—although rare, occasionally occurs, for example in the centrai’ ]
auditory pathways and in the ciliary ganglion of birds and higher mammals. Without &
single exception these synapses are of the basket- or calitiform type, so that their con-
tact surface is extraordinarily large. Comparison of a great many different synapse types
reveals that size of contact surface, both in the individual contact and in the total contuct
between two neurons, is inversely related 10 the amount of coavergence upon the post-

. synaptic neuron. Histological. evidence will be presented for the assumption that the

. safety factor of the synapse is greater the larger the surface of contact. This general-

: ization may help to identify histologically synapses of different pathways impinging on
the same neuron.—It is difficult to correlate anatomical and physiological properties of
the synapses until the functional signifi of axo-somatic versus axo-deadritic contact
is better understood. The large posterior horn neurons of the spinal cord are cited as an
example, where this question becomes very relevant to the topic of the discussion.: These
Deurons receive axo-somatic contacts (boutons terminaux) from primary afferents and
from various descending pathways. Their dendrites, being embedded into the gelatinous
substance of Rolando, are subjected—very much like the dendrites of the cerebellu:
Purkinje neurons—to axo-dendritic synaptic influences of exceedingly large convergence
It would be highly interesting to know whether the neurons of the gelatinous substanc.
~—from which there are no other pathways conducting outwards—only modify the thres
hold of the large posterior horn peurons, or conversely can induce them to discharge

- This is probably one of the key-points in the transformation of information at the junc
tion between primary and secondary sensory (especially cutaneous) neurons.—Attenmpt:
to identify histologically inhibitory synapses are briefly touched upon. New informatior.
gained with the electron microscope is briefly summarized.— Autention of neurohistologist
and neurophysiologists has been focused until aow almost exclusively upon the “usuai
type of synaptic junctions in which contact is simply effected by close opposition of
presynaptic and postsynaptic surfaces. There are, however, at least two other possibilities
of more complex arrangements: (1) ‘lnterposed” synapses, in which a fine—also pre-
synaptic—terminal is sandwiched between two larger synapsing surfaces, and (2) ‘super-
imposed’ synapses, in which the superposition of a presynaptic terminal upon- another
larger pre- or postsynaptic terminal is seen. A very characteristic example: of the first
type occurs in the cerebellar cortex, where the main synapses between the granule peuros
. dendrites and the mossy fibers are pervaded by the fine meshwork of the large: Golg
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cell axon ramifications, The fine terminal br
by the large contacting surfaces of the maij

" dendritically activated by the parallel fibre
of the ¢climbing fibers,
circuits of the cerebellar

THE NERvoUs SYSTEM

anches of this meshwork are really engulfed
D synapses. Since the Golgi cells are axo-
ystem, and Axo-somatically by the collaterals -
this type of Synapse closes one of the two intrinsic feedback
cortex, simulluneouxly combining it with the strictly channeled -
olivary inflow. The second type is frequently obwerved in electron microscopic pictures
of different Synaptic regions, although the interpretation of such findings is rather diffi.
cult. A fairly good example of this type is seen i the large caliciform synapses of b
vestibular receptors, in which smaller, most probably Presynaptic, terminals can be scen
~ on the Postsynaptic calices. It would be extremely 'nteresting if these secondary synapses
% .could be identificd as the terminals of efferent fibres, which would control the input from =
the receptors, Similar'seconduy Or superimpused sy nupwes can be observed also in other -
systems, especially in the lateral geniculate body, where there is fairly gvod evidence
for considering them as terminals of cortical feedback pathways, Recent abservation of
eracti resynaptic elements~—as supposed to be the cause of ‘presynaptic
Y even on sites ‘upstream’ relative 1o the synapse, calls for 3 thorough
lectron microscopical analysis of such and similar hitherto unknown
or neglected types of synaptic arrangements. :

C. A. G, WiRksMa,

California Institute of Technology,
Calif.. LS A, : .

Division of Biology, Pasadena, -

The functon » relution between the input and output of any given neuronal central
unit depends .0 4o array of factors, Of these the specific properties of the connecting
prefibers is obvuse i the location of these connections on the unit has, in a number
of cascs, also impelant efte

«Is un the output, Examples of the latter will be presented
- and the special case of crustac i

i & number of
widely separated locations will be more fully analyzed, :
In addition, examples will be discussed demonstrating how nerve cells differ from
each other in such aspects as maximum firing frequency, adaptation rates, and the like.
These intrinsic factors, though varying with the previous history of the activity of the
- unit, are, neverthelcss, just as fixed for specific types of units as are the patterns of their . .
anatomical connections—ag least in arthropod nervous systems. As a result, 3 great deal
of order can be found at the single unit level, :
It is not unreasonable, therefore, 1o hope that eventually in systems

. knowledge of both the intrinsic properties of the units and their patterns of input con.
nections will jeud to g considerable degree of predictability of the tota] output, L
Favorable factors for such an approach in arthropods are the limited number of
central units und the presence i

n most of long central neurons in which §
forms the only means of communication, :

of this kind a
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PATTERN RECOGNITION,
SET (l"ERIPHERAL AND CENTRAL)

Chairman: Y, ZOTTERMAN

Y. ZoTTERMAN, Depuartment of Pl\ysiology. Velerinarhogskolin. Stockhoim 51, Sweden
- Paper not submitted, ‘ ) ; o
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D. Avse-Fessarp, Cémre d'Etudes de Physiologic Nerveuse du C.N.R.S., Paris, France
Paper not submitted. . .

o wxy e e
Do b

" V. E. AMASSIAN, J, Macy Jx, M. SwirT and H. J. Wat LER, Department dfvl’hyciology ‘
Albert Einstein College of Medicine, New York. N.Y., U.S.A.

o

e -y

Single necuronal activity was recorded by conventional techniques from somaf :
area 1, the midbrain reticular formation and the cuncate nucleus of cats in separate -
experiments, The data were stored on magnetic tape and were later analysed elec- - °
tronically. — . .

The interspike interval distributions of area 1 and reticular peurons are complex.
Those cortical neurons which gave a sustained discharge in the absence of applied
peripheral stimuli (‘spontancous activity”) yielded a peak near the hrief interval end of
the interspike interval distribution, or showed a peak in the intermediate portion of the
distribution, with a prolonged drop off towards the long interval end. Analysis of spon- ;
taoeously firing reticular neurons showed that the distribution is not well represented by
Poisson-distributed random discharges. Furthermore, determinations of the interspike - o
interval probability distributions as a function of the immediate past history of unit - ... il
activity showed that the length of a given interspike interval is strongly dependent on .t "
the length of the immediately previous interval.

Sustained, evoked activity at a primary somatosensory relay was studied to provide & . :
leads in building a model ot higher level interval distributions. Slowly adapting primary S
axons recorded superficial to the cuneate nucleus show a regular discharge pattern fol- - :
lowing appropriatc positioning of the limb. By contrast, postsynaptic cuneate neurons L
show a variety of discharge patterns ranging from a rhythmic pattern with greater disper- |
sion of the interspike intervals than is shown by afferent fibers, to irregular discharge .
patterns produced by near maximal peripheral stimulation. Two biological models are '
suggested to account for such irregularity: (1) asynchronous bombardment of the cuneate L
neuron by two or more afferent fibers with different regular periodicities. (2) Intermittent .
failure of synaptic transmission which occurs at high afferent fiber discharge rates.

TN

3
R

' F. Svo80oa, Trids Obrancu Miru 106, Prague, Czechosiovakis

" There have been several attempts to express the rather comphicated  peuronal mmpulse
. activity of the central nervous system by means of mathematical formulac and/or physic
* cal concepts in order to investigate its behaviour or 1o estabhish a model,
One of the possible ways utilizes the classification of the neuronal impulse activity
. and its symbolic notation by means of clementary formulue. These can be derived from .
the basic one o = (1—a) x by all possible modes of the complementation both of .
- afferent variables a; x and the efferent variable o’. To each of the eight expressions s0
. obtained there corrcsponds some clementary ‘ideal’ impubse neuronal activity,
. Itis very improbable that the transformation carried out on certain living neuronal
structures, determined, ¢.g., by measurement, can be expressed or identified with some !
» of these elementary formulae. However, a suitable choice of combinations and/or : - -, L
- iterations of elementary formulae enables us to approximate to a given activity, :
On the other hand, to each of these more complicated expressions there corresponds & -

931 =

i e

Declassified in Part - Sanitized Copy Approved



T L e R e

alrt‘ - Sanitized C

FE

'042"46‘_'/{0‘1790006

..... A

:Decla_ssified n P

0001-7 /
d o {;: ‘ .

e

INFORMATION PROCESSING IN THE NERVOUS SYSTEM |

jiE i
more involved structure or activity which can be considered as a generator of the given
expression. . o Pt g e

Some other consequences are indicated and relations to other theoretical: fields -
cstablished. : S SO ;

D. E. BroaosenT, Medical Research Council, Applied Psycbology Unit, Chmbridge,
England ‘ 3

el

In the early fifties it was established that man would, in a variety of situations, react
to-signals with a delay proportional to the information conveyed by the signal. This
suggested that the nervous system’ was acting in these cases as a single channel of limited
capacity. More recent results have however shown that with very highly practiced
relationships between stimulus and response, the time taken to react becomes independent
of the information conveyed by the signal. Such results ure less easily interpreted in -
terms of a noise-free channel, than they are in terms of a decision mechanism acting on
noisy signals. At high levels of practice the noise level may then be Tegarded 2y heing
reduced. ‘ . IS

On either theory the crucial function performed by the brain is discrimination between -
members of a set of alternative stimuli; and the relations between the actual istimulus
‘and others not now present become crucial. Furthermore, on either view man is likely -
to be sclective in his response;, because of his limited capacity, and there are.inter-

esting differences between alternative ways in which he can do lhls. !

]

H

SESSION VI

INFORMATION STORAGE '

Chairmqn.' H. H. JASPER

H. H. Jasper, IBRO-UNESCO, Paris, France

The firing patterns of individual cortical neurones can now he recorded with indwelling
microelectrodes in normal unanaesthetized animals, awake or during normal sleep, and
while responding to physiological stimuli during conditioning experiments, Examples of
the sound of such patterns from the cortex of the monkey will be presented from records
taken on magnetic tape during conditioning experiments. kS .
Most cells within the brain show ‘spontaneous’ activity independent of deliberate
sensory stimulation, even in sensory receiving areas when the animal is at rest, or even
asleep in a dark, sound-proof room. Firing patterns are irregular, but not strictly random.
Over-all frequencies range from once in 5-10 seconds to rates of 50-100 per second. the
higher rates usually being maintained for short periods of time. Under certain con. |
ditions of drowsiness or sleep, some celis fire in brief bursts of bigher frequency discharge
(200-300 per sec.) separated by quiet intervals. At times the burst frequency: may he
regular at about 3 to |0 per second, in relation to the rhythm of the ‘brain: waves
Arousal of the anjmal from sleep or to increased vigilance has a profound geocralizes
effect upon firing patterns of cells in all cortical areas studied, spontaneous activity bevns
reduced in many fogether with increased responsiveness to discrete stimuli, rentt?nr i
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One of the mvre gencral questions which can be procisely formulated wnd investipar |
within this framework is the following. What propartion of the system’s eftort, at .
time should be spent i acquiring and processing new intormation and what proporti.
should be spent mampulating known aspects of the envirdiment? It can be showrn
under certuin conditions of phvsical interest, that the dluﬂ «hould he divided spprom

" mately équally bhetween the mu tasks, L Pk . HE

1. Konowskl, Depattment of Neutophysiology. Ncuchl Immulc of E-xpcrlmcmal Bmlug\.
Warsaw, Poland

| : £ . “If an animal is confronted with i certn differemiation |vmblcm. i, it h.\\ lu react,
, i differently to various cues presented to it acconding to a definite programme, there: is-
: : wntially nat one bat two or more solutions to such a problem.. For instance, let us try 1o

: . ) - wstablish a simple differentiation between two similar exteroceptive stimuli ;and Sy
ti ' R S ' reinforcing 8y wid not reinforcing 5. Lot us suppne that_these stimuli .m' .-pphcd
: P - agcording to the following schedule. often wsed in the UR practice: S, follows!a vatiably

‘ : i " number of 8, apphications, is never given at the beginning of a session, and nevet repeatedd

twice in succeskion. After some tune the animal fearns to feact appropristely. to cach

stimuilus, and it is gagitly admutted that this is due (0 memprizing and diweraing the

absolute vilues of 8, and S.. However, it s casy to notice that in such a tesining th

aniinal may alse Jearn that any stimulus within a given modality repealed wwral times

in succession is positive, while s differene stimulis, whatever it is, is negativei’ In other
words. the aninial may learn not t discern the abwlite values of both simull: but only

. grasp their disparity by a recent memory” mechanism, By appropriatdly mmhl\mg the
Co experimental pmwdurc it is possible o reveal whuh Wuy nf lcarmng the .mimnl uitue
. ally uses,

B A number uf examples of such an analvsis of %.xnons Tora of dilte lclmm-‘m re pres

: sented. The old coneept of animals mahng *hypotheses” i rectaliated. and the' hwnrch\

of ‘hyputheses’ particular for a given species is indicated.” 7t s sliown that the v- A which
the anumid adopts in the solution of a given dnmrcnn mm. task lhm\“ wme I?chl o thc '
functional organization of its brain.

Discussanty

10 it be agreed that the behavior of a cat differs in mnpnn.mt ways from the l{ch.nwr of
a dog. then it follows that the brains of the two species hffer signiticantly [albo,  Ihe
mature of this ditference. the genetic wechanisins ot work,” and the cellular’ ¢lemenn
through which the geactic information is conveyed (nearons, glial eells, or hmh! remuin
however obscute. Fyjerimental e\(du\u‘ drawn from the lntcr.m:rc pv.n:umng km uw
problems will be discussed. . S

P. Luce, Departineut of sychology, Unis‘cL »
USA.
Paper tiot submtied,
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